Diffusion coefficient and concentration information is extracted from raster scanned images using RICS analysis. There are two steps in RICS analysis: background subtraction and image correlation. Background subtraction removes stationary or slowly moving objects from the image. At its most basic, background subtraction subtracts the average of all images from each image. However, cells usually do not remain completely stationary during the time it takes to acquire a series of images. To account for this, and to remove slow-moving objects, moving average background subtraction is used. In moving average background subtraction, the average of a range of consecutive images is subtracted from the image in the middle of this range. For example, if moving average subtraction is performed using 10 frames, the average of frames 1-10 is subtracted from frame 5.
After stationary and slow-moving objects are removed with background subtraction, image autocorrelation is calculated on each image using equation 1 
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where i(x, y) is the intensity at each pixel of the image, ξ and ψ are the x and y spatial correlation shifts and δ(i) = i − 〈i〉 and 〈…〉 x,y is the spatial average of the image. Computational speed can be improved by calculating the image correlation with fast Fourier transforms, as is done by the software described here.
The image correlations of all the frames are averaged and the result is fit with an equation relating the correlation to the diffusion coefficient and particle concentration. Equation 2 is the most basic form of this function and the one used in the examples presented here 1, 2 .
Variations on this equation that account for factors such as two-photon excitation and membrane-bound diffusion are described elsewhere 1, 8 . N is the number of particles in the focal volume; D the diffusion coefficient; τ p the pixel dwell time; τ l the time between lines; δ r the pixel size; ω 0 the beam waist; and b the background. G RICS (ξ,ψ) is broken up into two parts: G(ξ,ψ), which is related to molecular dynamics, and S(ξ,ψ), which is related to scanning optics.
It should be noted that multiple images are acquired from RICS analysis for two reasons: (i) so that background subtraction can be performed and (ii) to improve the signal-to-noise ratio. Correlation analysis is not performed between images in RICS. This means that all available temporal information comes from within each image.
Related techniques
Alternatives to RICS fall into three categories: in vitro techniques to measure diffusion coefficient, in vitro techniques to detect protein-protein interactions and other in vivo techniques. The first category includes diffusion NMR spectroscopy. Diffusion NMR can measure diffusion coefficients of molecules in solution and in living tissue but generally does not provide subcellular resolution 9, 10 . This technique also provides accurate, reproducible results, but it cannot be applied to individual cells at this time. Second, in vitro techniques to measure protein-protein interaction include coimmunoprecipitation (Co-IP). Co-IP is a biochemical technique that uses antibodies to precipitate protein complexes out of solution and identifies their components 11, 12 . Cells are destroyed during Co-IP, and therefore no spatial information can be recovered.
The third category, in vivo techniques for measuring and mapping diffusion coefficients and detecting protein binding, includes other microscopy-and spectroscopy-based systems. Förster resonance energy transfer (FRET) uses energy transfer and resulting changes in fluorescent emissions to detect protein binding 13 . Fluorescence recovery after photobleaching (FRAP) measures diffusion coefficient by selectively bleaching a region of the cell and observing the return of fluorescent particles to that region 14, 15 . In comparison with RICS, FRAP has limited ability to map diffusion coefficients, as only a few, preselected regions can be measured. Other in vivo techniques are similar to RICS in that they rely on confocal (or two-photon) microscopy and correlation analysis. These techniques include fluorescence correlation spectroscopy (FCS), temporal image correlation spectroscopy (TICS) and cross-correlation-based variations of these techniques [16] [17] [18] . FCS and TICS can measure binding either indirectly by detecting a change in the diffusion rate or directly by using a fitting function that accounts for binding. This is similar to RICS. As described here, RICS can indirectly measure binding by detecting changes in the diffusion coefficient. RICS can also measure binding directly by using a fitting equation that accounts for binding; however, this application is not described here 8 . In addition to detecting binding, FCS and TICS can distinguish between binding between particles, and binding between a particle and a scaffold (i.e., the cell membrane). RICS can also make this distinction, although this is not discussed here 8 . The most important consideration when deciding between these techniques is the temporal range that they are suited for. For a more detailed discussion of these techniques, see the review by Kolin and Wiseman 19 . Table 1 summarizes alternatives to RICS.
Applications
RICS has been applied to a range of problems in cell biology. It was originally developed to study the behavior of paxillin in focal adhesions 1 . In this application, RICS helped to develop a description of the binding and unbinding behavior of protein aggregates. RICS has been used to identify and quantify diffusion restrictions on ATP in rat cardiomyocytes 20 . Another application of RICS is the diffusion of lipid analogs in membranes and giant unilamellar vesicles 21 . It has also been used to expand on results from FRAP and western blot experiments in the study of the RAD18 protein after ultraviolet damage 22 .
Additional RICS techniques and applications
The potential applications and availability of RICS extend beyond what is described here. RICS can be performed on a variety of custom-built and commercial confocal microscope systems, including the Zeiss LSM 510 (Carl Zeiss) 23 . The steps included below can also be adapted for other software and optical systems.
RICS can also be applied to a wider variety of biological systems than are described here. For example, this protocol uses a stable cell line, but RICS may work just as well for primary cells. Here the only fluorophore we use is enhanced green fluorescent protein (EGFP), but with appropriate lasers and filters RICS can be applied to other fluorophores as well, as long as the excitation laser, dichroic mirror and emission filter are appropriate for the fluorophore 24 . It is our intention that readers will apply RICS to their own experiments.
Recent advances in RICS expand on the technique described here. The RICS fitting model can be adapted for more complex situations than simple diffusion. For example, it can account for two distinct populations of diffusing fluorophores 23 . Cross-correlation RICS is a recently developed technique that uses two fluorophores to examine protein-protein interaction in more detail 24 . As mentioned above, RICS can also directly measure binding both to a scaffold and between particles by using a fitting function that accounts for binding 8 .
Experimental design
Instrumentation. RICS requires a confocal microscope to acquire a series of images. A high-numerical-aperture (NA) objective is required to obtain the correct-sized focal volume. Oil immersion, water immersion or air objectives can be used. The objective power should be between ×40 and ×100. The microscope must have a laser with the correct wavelength to excite the fluorophore used in the experiment. There must also be a band-pass filter and dichroic mirror appropriate for the fluorophore. The selection of a detector requires some discussion. Either an avalanche photodiode or a photomultiplier tube can be used for RICS experiments. In both cases, photon-counting detectors are preferable because they have better rejection of noise. There is an important limitation of these detectors: analog detectors can have spatial correlation between pixels, particularly at short pixel dwell times. To account for this, we recommend skipping pixels when fitting the correlated data (SimFCS has an option to skip pixels). The number of pixels to skip must be determined for each microscope. We recommend taking a series of images under the same conditions as will be used for RICS using a sample that will not fluctuate over time. This can be either a source of constant fluorescence such as the Fluor-o-4 Slide Set (Chroma Technology Group) or a measurement of dark counts. The horizontal width of the image correlation is equal to the number of pixels that need to be skipped when fitting RICS data. The number of pixels to be skipped will be different for each pixel dwell time but only needs to be measured once for a microscope. Alternatively, the same procedure can be used to determine the shortest pixel dwell time that does not produce image correlation. Table 2 summarizes the important parameters for acquiring RICS data. On the Olympus FluoView, these parameters are set in the software that controls the microscope, as is described in more detail below.
Data acquisition.
Pixel size is an important consideration in designing an RICS experiment. Again, it should be noted that pixel size is different from focal volume. The focal volume is determined by the optics of the system. Focal volume can be altered by changing the pinhole diameter, but its exact size must be calibrated to perform an accurate RICS measurement. Pixel size is defined by the distance the laser beam travels between collecting pixels. In RICS, the pixel size must be 4-5 times smaller than the focal volume. This means that each pixel in the image is the average intensity in a focal volume that overlaps with the focal volume from neighboring pixels.
On the Olympus FluoView microscopes, pixel size is set with the 'zoom' slider. Zooming in gives smaller pixels and zooming out gives larger ones. Pixel size can range from 0.02 µm to 0.06 µm. Setting the pixel size with the zoom slider is described in more detail in the PROCEDURE section.
RICS can measure diffusion coefficients ranging approximately from 0.1 to 1,000 µm 2 s − 1 . The pixel dwell time must be appropriate for the diffusion coefficient being measured. The laser needs to move from location to location before, on average, a particle will move out of the pixel. Equation 3 describes the maximum value for τ p t w p < 0 2
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Another important consideration in RICS analysis is the number of frames to be used for moving-average background subtraction. Large features should not move by more than one pixel over the frames averaged. This can be estimated with equation 4
where n is the number of frames averaged and v the velocity of the background feature (i.e., the cell), τ p is the pixel dwell time and δ r is the pixel size. RICS can distinguish between multiple events occurring within a cell, such as diffusion of molecules, binding processes and cellular movement. However, the scan speed of the laser must be faster than the movement of the target fluorophore to show correlation between pixels. Therefore, selecting an appropriate pixel dwell time is important for accurate RICS measurements. The approximate diffusion coefficient must be known and taken into account. Like any measurement technique, RICS is only accurate over a certain range. It will not work for processes that are very slow (i.e., seconds timescale) and thus cannot show correlation between pixels of one frame.
Analysis software. There are several software options for analyzing RICS data. SimFCS performs RICS analysis, as described here, as well as a variety of other correlation-based data analysis routines. SimFCS can also be used for data acquisition. An RICS analysis plug-in for ImageJ and an RICS analysis program for MATLAB are available from the Cell Migration Gateway (Cell Migration Consortium). Zeiss ZEN software has an optional module available for RICS (Carl Zeiss). At the time of the writing of this article, Olympus had a demo version of a RICS analysis package available for Fluoview1000 software.
Biological system. RICS works well on samples that can be imaged easily with confocal microscopy, such as adherent cell lines transfected with or stably expressing fluorescent proteins 25 . Primary cells stably expressing fluorescent proteins may also be suitable. Appropriate fluorophores should be chosen that are generally bright and photostable so as to increase the signal-to-noise ratio and decrease photobleaching 26 . Cell lines must be sufficiently robust to withstand heat from the laser and must be large enough (~50 µm wide) to fill a confocal image partially. These cells should be grown in glass-bottom imaging dishes. Before imaging, the cell medium should be changed to a phenol red-free solution, as phenol red will fluoresce when illuminated and can interfere with the measurement.
Controls. Controls will depend on the exact nature of the RICS experiment performed. Calibration can be confirmed by measuring the diffusion coefficient of a second fluorophore in solution. Diffusion coefficient measurements in cells can be confirmed with one of the alternate techniques described above.
Experiments described here. In this article, we describe how to perform RICS calibration and measurements with the commercially available Olympus FluoView FV1000 confocal laser scanning microscope using Olympus FluoView software to acquire data and SimFCS software to analyze the results. Some of the symbols used in the SimFCS software are different from the symbols used here and in other reports. Table 3 compares the print symbols with the symbols used in SimFCS.
The first step in any RICS measurement is to calibrate the focal volume of the laser beam waist 1, 27 . All RICS measurements are dependent on an accurately known focal volume so that the average rate of fluctuation can be accurately related to a diffusion coefficient. The calibration is performed using a fluorophore in solution with a known diffusion coefficient, EGFP in this case. Calibration needs to be repeated each day or whenever the power or wavelength of the laser is changed.
EGFP used for calibration was purified from a culture of BL21DE3 Escherichia coli cells and resuspended in 20 mM Tris buffer (pH 7.4). The concentration of the stock solution was determined with a spectrophotometer at 480 nm and aliquots of the stock were stored at − 20 °C. For the experiment, an aliquot was thawed at 4 °C and diluted 1:500 in 20 mM Tris buffer (pH 7.4). The diluted EGFP solution was kept on ice to prevent protein degradation or aggregation before measurement.
The procedures for two example RICS measurements are also described here: RICS in cytosolic EGFP CHO-K1 cells and in EGFP-paxillin CHO-K1 cells 28 . The procedure is similar to RICS in solution, but care must be taken to keep the cell in focus and in the field of view. In addition, the pixel dwell time must account for a slower diffusion time. Measurements with EGFP and EGFPpaxillin are similar, but the expected results are different. In the case of cytosolic EGFP, RICS can be used to measure the diffusion coefficient of EGFP in the cytosol, which is slower than that of EGFP in solution. In the case of EGFP-paxillin, the diffusion coefficient and concentration of EGFP-paxillin are different in focal adhesions than in the cytosol. RICS analysis performed on different regions of the cell will reflect this.
The cells for these measurements were prepared as follows: 1 week before experiment, CHO-K1 cell lines stably expressing EGFP and EGFP-paxillin were defrosted and cultured in full medium, with geneticin (G418 sulfate) added to select for EGFP-expressing cells. Cells were grown to ~80% confluency in flasks before passaging (about 2 d). On the day of the experiment, approximately 4 h before imaging, the two cell lines were each plated for ~50% confluency in 35-mm imaging dishes coated with 2 µg ml − 1 fibronectin. 2| Select the appropriate laser, dichroic and band-pass filter using the microscope control software. For Olympus FV1000, this can be carried out by selecting EGFP from the 'DyeList' . Figure 1 shows the appropriate settings in the Olympus FluoView software 'LightPath & Dyes' window.
3| Select the ×60 water objective (Fig. 2, circle 1) .
calibration of focal volume waist (ω 0 ) using eGFp • tIMInG 15 min 4| Place a drop of ultrapure water on the objective lens.
5| Place a cover glass over the water droplet.
6| Place a drop (~40 µl) of diluted EGFP solution on the cover glass.  crItIcal step The exact volume is not important. There needs to be enough solution to easily focus the laser into the middle of the drop.
7|
In the Olympus FluoView software 'Acquisition Setting' window, set the pixel dwell time to 12.5 µs (Fig. 2, circle 2 ).
8| Select a zoom value that gives an appropriate pixel size as described in the Experimental design section (Fig. 2,  circle 3 ). For the Olympus FV1000, a zoom value of 16.4 gives a pixel size of 50 nm. The pixel size will be recorded in the text file saved with images (described below) or can be determined by clicking the information button in the 'Image Acquisition Control' window ( Fig. 3, circle 1) . The Acquisition Setting window will also display the line time. This should be recorded so that it can be used for fitting in Step 29. Cell growth Grow cells in the glass-bottom culture dishes as described in reference 29. Before imaging, the growth medium should be exchanged for phenol red-free medium.
Cell transfection Transfect cells to express fluorescent proteins as described in reference 30.
EQUIPMENT SETUP
The microscope and associated optics should be set up to acquire confocal laser scanning images. A detailed discussion of confocal microscopy can be found in reference 3.
• . EGFP has been selected from the DyeList (circled) and the laser, dichroic mirror (excitation DM) and band-pass filter (BF) have been set automatically. Note that the optical path (yellow) line will change depending on whether the system is set up for laser scanning or for observation through the eyepieces.
9|
Set the scan area (Fig. 2, circle 4) . SimFCS requires square images; 256 × 256 pixels is a convenient size. Use a larger image size if you need to see a larger area while maintaining a 50-nm pixel size.
10| Set the number of frames to be scanned (Fig. 2, circle 5) ; a convenient number is usually 50-100. There needs to be enough frames to obtain good statistics, but imaging should be fast enough to avoid photobleaching. The 'Interval' field needs to be set to 'FreeRun.' This should be the default. This means that images will be acquired one after another with no pause between them.
11| Make sure that the scan is carried out in raster scan mode (Fig. 2, circle 6 ) and not in bidirectional mode.  crItIcal step Equation 2 assumes a raster scan. A bidirectional scan will have different temporal relationships between pixels.
12|
In the Image Acquisition Control window, select the 'PhotonCnt' radio button (Fig. 3, circle 2 ). Click the 'XY Repeat' button (Fig. 3, circle 3 ) to scan and view the scan in real time.  crItIcal step The detector is more sensitive in photon count mode. RICS measurements must be performed at low laser power to avoid photobleaching, so increased detector sensitivity is useful. ? troublesHootInG 13| Adjust the display properties of the figure. This can be done by clicking the lookup table ('LUT') button in the live display window. The display usually needs to be made more sensitive to lower intensities and to ignore higher intensities. This can be done by moving the arrow circled (in the LUT window) in Figure 4 to the left. The setting in the LUT window will not change data itself, only the display, as long as the steps for saving data described below are followed.
14|
Once the EGFP can be seen in the scanned image, click the 'Stop' button to end the repeating scan. Select the 'Time' button that appears below the Stop button (Fig. 3, circle 4 ) to activate the time series scan, and click 'XYT' to begin acquiring a series of images.
? troublesHootInG 15| When the series is acquired, click on the 'Series Done' button that appears under the XYT button to open the series file.
16| Save the series of scanned images for analysis later at Step 18. The Olympus .oif file contains the most information about the system settings at the time of data acquisition; however, SimFCS cannot read .oif files. We recommend saving an .oif file for reference and also using the export feature to save the data as a series of .tif files. Both formats can be saved (one at a time) by right clicking on the last image acquired and selecting 'save' or 'export' from the drop-down menu. Files in .tif format should be saved in the raw data format with 16-bit integers. Be careful to avoid using the RGB format. It is also important to check the box 'Save Properties As ASCII Text.' This saves a file containing the parameters under which the data were collected (frame size, objective, etc.). Figure 5 shows the correct setting for the export data window.
17| Carry out RICS experiments and acquire data as described in Option A (for cytosolic EGFP in CHO-K1 cells) or Option B (for EGFP-paxillin CHO-K1 cells). (a) rIcs in cytosolic eGFp in cHo-K1 cells • tIMInG 30 min (i)
With the microscope set up as described above, place the glass-bottom culture dish on the microscope stage. Incubated stages are useful for maintaining cells over long experiments but are not necessary here. The stage only needs to hold the culture dish in a stable position. (ii) For image acquisition using Olympus FluoView software, click the button in the Image Acquisition Control window that turns on the mercury lamp and directs the optical path to the eyepieces (Fig. 3, circle 5 ). (iii) Looking through the eyepieces, locate a cell and adjust the focus so that the edges of the cell are clear. (iv) Once the cell is located, click the XY Repeat button (Fig. 3, circle 3 ) to scan the field of view continuously. This window is used to turn on the mercury arc lamp, set the detector mode, view the system setting and start a scan. Circle 1 identifies the information button. Circle 2 identifies a radio button to select photon-counting mode, as opposed to analog mode. Circle 3 contains the 'XY Repeat' button that begins a continuous scan. Circle 4 contains the 'Time' button used to start a scan of a set number of frames. Circle 5 identifies the button to turn on the mercury arc lamp. (v) Set the pixel dwell time to a value between 12.5 and 20 µs (Fig. 2, circle 2 ). (vi) Most likely, no cell or only a part of a cell will appear in the scanned frame. This is because the field of view is much smaller than it appears through the eyepieces and the focus may be slightly different as well. To locate the cell, first move the 'zoom slider' (Fig. 2,  circle 3 ) all the way out to increase the file of view. The LUT table may also need to be adjusted again. Thereafter, adjust the focus of the microscope to make the edges of the cell clear. button to activate the time series scan. The 'XYT' button will appear. Click 'XYT' (Fig. 3, circle 4 ) to begin acquiring a series of images. It may be helpful to observe the images as they are collected to see if the cell goes out of focus or moves a great deal. The images can also be inspected after they have been collected in either Olympus FluoView or SimFCS. (x) When the scan is complete, click the 'Series Done' button that appears below the 'XYT Scan' button. (xi) Save the data as described in Step 16 for analysis in
Step 40A.  pause poInt Analysis can be performed independently at a later time than data acquisition. Step 17A(viii-xi).  pause poInt Analysis can be performed independently at a later time than data acquisition.
analysis of calibration data • tIMInG 15 min 18| Open SimFCS to calculate the beam waist on the basis of the known diffusion coefficient of EGFP.
19|
Click the 'RICS' button on the startup screen.
20|
Open the files associated with one RICS measurement by selecting File→'Open Multiple Images (int., tif.)' .
21|
Use the file filter in the standard Windows Open File Window to view only .tif files.
22| Select all the .tif files in the series (this should be all the files in the folder) of images saved in Step 16 and click 'Open' .
A new window will open with the frame size and data type selected. These should be loaded automatically from the text file associated with the .tif files. Close this window and the images should appear in sequence as they are loaded into SimFCS.
23|
Scroll through images using the arrows labeled 'Image 1 frame' (box 1 in Fig. 6 ).
24| Look for aggregates (large bright spots) in the images. Delete images with aggregates using the 'Delete frame' button (box 2 in Fig. 6 ).  crItIcal step This does not delete the images from the file; it only deletes them from SimFCS.
25|
Select the frames to be processed (all of them) by setting the 'Image 1 frame' box to a value of 1 (box 1 in Fig. 6 ).
26| Set the 'Frames to process' box to the number of frames acquired minus any deleted frames (box 3 in Fig. 6 ).
27|
Calculate image autocorrelation by selecting Tools→RICS→Subtract average (box 4 in Fig. 6 ). Here we use background subtraction to remove artifacts from the illumination profile. After several seconds of processing, the image correlation results should be displayed in the lower left frame.
28|
Prepare to fit the data to equation 2. From the top of the screen, select the Fit menu (box 5 in Fig. 6 ). The fitting window will open (Fig. 7) . Note that in the displayed fitting window a fit has already been computed. 31| Set the 'Wo' box to 0.01. 'Wo' is the software's way of writing 'ω 0 ' . This value is a starting guess for the fitting algorithm. Leave the box next to it unchecked so that this value can vary (box 2 in Fig. 7) .
32| Set the 'Background' value to 0.001 and do not fix (i.e., leave the box unchecked) (box 2 in Fig. 7) .
33| Set the 'G1(0)' value and leave the box unchecked (box 2 in Fig. 7) . Again, this is a guess to start the fitting algorithm. A good estimate and start value of G1 is the amplitude of the correlation function that can be found in the RICS window of SimFCS (Fig. 6) .
34|
Set the 'D1' box to 90.0 and check the box next to it (box 2 in Fig. 7) . The D1 value is the known value of the EGFP diffusion coefficient 31 .
35| Fit all the image correlations calculated. Ensure that the 'Fit all surface' radio button is selected. This should be the default when the program is opened (box 3 in Fig. 7 ).
36|
The other fields, check boxes and menus can be ignored. Most of them are used for fitting the results of other analysis techniques such as spatial temporal image correlation spectroscopy (STICS). There is one box that might be used in RICS analysis, the '2-photon PSF' radio button. This should be checked when data are acquired using a two-photon laser. The use of two-photon lasers for RICS is not described here.
37|
Click the 'Perform fit' button (box 4 in Fig. 7) . It may take several seconds, depending on the speed of your computer, to perform the fit. The computer we used had a 3.00-GHz processor and the fitting took less than a second.
(5) (5) Figure 6 | SimFCS RICS analysis screen. An image of EGFP in solution is displayed before the image correlation has been calculated. This is the primary window for RICS analysis. Box 1 contains a field that identifies the frame being displayed by number. Box 1 can be used to scroll through the images. Box 2 identifies a button that can be used to delete frames. Box 3 contains a field that can be used to select the number of frames used to calculate the autocorrelation function (auf). Box 4 contains the 'Tools' menu. RICS analysis options can be found under the 'Tools' menu. Box 5 contains the 'Fit' button that opens a new window with fitting options (Fig. 7) . Box 6 contains a check box to select moving average subtraction and a field to choose the size of the moving average window. Box 7 contains a field that can be used to select the size of the ROI. Box 8 contains the 'Cursor analysis' menu. Box 9 contains the 'Scan analysis' menu.
38| Display a plot of the fitting results. Select an option from the pull-down menu in the upper right (box 5 in Fig. 7 ). This will set the plotting options for fit. The results of the fit will always be plotted as a surface, with the x and y range the same as that of the spatial correlation. This menu selects the second plot that will also be included: the original data, the difference between the fitted surface and the data, the residuals of the fit or the fitted surface again.
39|
The results of the fit are displayed in the text at the bottom of the window (box 6 in Fig. 7 ). Note the calculated value for Wo. It should be between 0.2 and 0.4 µm. This value will be used to interpret data from the RICS experiments.
analysis of experimental data 40| Data analysis can be performed using Option A (for measurements in EGFP CHO-K1 cells) or Option B (for EGFP-paxillin CHO-K1 cells). arrows (box 1 in Fig. 6 ). Ensure that the cell stays in focus and does not move more than can be accounted for using background subtraction according to equation 4. As a rule of thumb, discard data when the cell moves more than 1 pixel in every 5-10 frames. Background subtraction can take care of some cell motion but not if the cell moves completely out of the field of view. Frames can be deleted using the 'Delete frame' button (box 2 in Fig. 6 ). Frames with moving cellular debris moves should also be removed. (iii) Select the number of frames for moving average subtraction (box 6 in Fig. 6 ) as described in the Experimental design section. Ten frames is an appropriate number for this experiment. (iv) Perform image correlation by selecting Tool→RICS→Subtract moving average (box 4 in Fig. 6 ).
? troublesHootInG (v) Open the fitting window by selecting Fit (box 5 in Fig. 6 ).
(vi) Enter the values for pixel time and line time as described in Step 29. (vii) Enter the value for pixel size (0.05) and check the adjacent box to fix this value (box 2 in Fig. 7) . (viii) Enter the value for ω 0 calculated in Step 39 in the box labeled 'Wo' and check the adjacent box to fix this value (box 2 in Fig. 7 ). (ix) Uncheck the boxes next to 'Background', 'G1(0)' and 'D1' (box 2 in Fig. 7) . These values are unknown and should be allowed to vary in the fitting processes. Change the displayed parameter by adjusting the scroll bar in the 'pfitform' window (box 1 in Fig. 9 ). If any of the fit parameters appear to be outliers, it can be eliminated by changing the value to zero. Save changed parameters by selecting 'Save modifications' (box 2 in Figure 9 ). Close the pfitform window. (xvi) Display maps of D1 and G1(0) by selecting the 'Scan analysis menu' (box 9 in Fig. 6 ) and selecting 'G(0) and D tables. ' A new window will open displaying intensity maps of D1 and G1(0) values. The slider under each image can be used to display both the fit parameters and the original image at the same time. The ANTICIPATED RESULTS section contains an example.  crItIcal step The analysis procedure is the same; however, the results are expected to be different. EGFP-paxillin is interesting to study with RICS because its diffusion coefficient is different at focal adhesions than in other locations in the cell. To observe this with cursor analysis, set the ROI to 64 (box 7 in Fig. 6 ) at Step 40A(xii). Select the 'Cursor analysis' menu (box 8 in Fig. 6 ) and select 'Toggle cursor analysis' at Step 40A(xiii). Use the Cursor analysis box to identify different diffusion coefficients and concentrations of paxillin at focal adhesions and at other points in the cell. Repeat
Step 40A(xiii-xvi) to create maps of G1 (0) and D1 values. At focal adhesions, the diffusion coefficients should be lower and G1(0) should be higher than at other locations in the cell. ? troublesHootInG Troubleshooting advice can be found in table 4.
• Step 40A or 40B, Analysis of experimental data: 30 min The calibration and measurements described here can be performed in approximately 2 h.
antIcIpateD results
The following results were obtained using the procedure described above. The images were all generated using SimFCS. Images, plots of autocorrelation and plots of fit are all displayed in false color, where intensity or magnitude corresponds to color. Figure 10 shows an example of erroneous RICS results obtained when RICS is performed without background subtraction or with background subtraction of too few or too many frames. Figure 11a is an image of EGFP in solution. Figure 11b is the autocorrelation of EGFP in solution. The fit and difference between the fit and autocorrelation for this autocorrelation are shown in Figure 11c . This measurement is used to calibrate the beam waste. The value for ω 0 calculated here was 0.32 µm. Values can range from 0.2 to 0.4 µm. Figure 12a is an image of cytosolic EGFP in a CHO-K1 cell. The pink box is the selected ROI. Figure 12b is the autocorrelation of the region selected in Figure 12a . Note that the autocorrelation peak is wider relative to the width of the The 'Time' button (Fig. 3, circle 4 ) must be clicked before the 'XYT' button. Do not click the 'XYRepeat' button to save data 17A(viii) The cell moves out of focus before RICS measurements can be made
The cell may be responding to the increased temperature from the laser This can sometimes be solved by waiting a few minutes and letting the cell adjust to the temperature at the laser focus. Alternately, some cell movement can be accounted for by deleting frames or by subtracting background during the analysis 40A(iv) Correlation has a diamond shape or other unusual appearance ( Fig. 10) This may be due to correlation from the shape of the cell Make sure to select 'RICS' 'subtract moving average' from the 'Tools' menu. Using 'subtract average' will not remove all signal from the shape of the cell; this can cause strange correlation shapes. The problem may also be an inappropriate number of frames to average for moving average subtraction (box 6 in Fig. 6 ). See Experimental design. If neither of these solutions solves the problem, it is possible that the images have been loaded incorrectly. Close SimFCS (the entire program, not just the 'RICS Analysis' window) and restart entire calculated correlation (64 pixels) in the horizontal direction than that in Figure 11b . This is because EGFP diffuses more slowly in the cell than in solution. The fit and difference between the fit and the autocorrelation are shown in Figure 12c . The diffusion coefficient for cytosolic EGFP ranges from 20 to 50 µm 2 s − 1 . Figure 13 shows typical RICS results for EGFP-paxillin in CHO-K1 cells. It is an image of a CHO-K1 cell expressing EGFPpaxillin. Note that in contrast to cytosolic EGFP, EGFP-paxillin is not distributed evenly throughout the cell. Paxillin is more concentrated at focal adhesions. In this image, the pink box selects the ROI analysis. Figure 13b is the autocorrelation of the ROI analysis selected in Figure 13a . The fit and difference between the fit and autocorrelation are shown in 
